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Introductory Note

This manual contains in consolideted form (1} Civil Air Regulations
Part 4b, Airplane Airworthiness; Transport Categories, dated December 31,
1953, Amendments 4b~1 through 4b-12, and the editorial changes required by
Special Regulation SR—430, effective December 31, 1958; and (2} the rules,
policies, and interpretations issued by the Administrator of the Federal Avia-
tion Agency in application to the various sections of the regulations.

FAA rules are supplementary regulations. Such rules are mandatory
and must be complied with.

FAA policies provide detailed technical information on recommended
methods of complying with the Civil Air Regulations. Such policies are for
the guidance of the public and are not mandatory in nature.

FAA interpretations define or explasin words and phrases of the Civil Air
Regulations. Such interpretations are for the guidance of the public and will
be followed by the Agency in determining compliance with the regulations.

With the discontinuance of the distribution of individual amendments
of the Civil Air Regulations, it is believed that the preamble material contained
in the amendments should be reproduced in the manusls. Therefore, the
preambles of Amendments to Part 4b, beginning with Amendment 4b-1
adopted April 13, 1954, are included as an addendum to this manual. In
addition to the preamble, the date of adoption, the effective date, Federal
Register citation, and the sections affected are given for each amendment.

This manual supersedes Civil Aeronautics Manual 4b dated May 1, 1960,
and all supplements thereto. As amendments and other pertinent materials
pertaining to Part 4b are issued, they will be included in this manual.

As a convenience to the users of this manual, the changes made by Amend-
ment 4b-12, which was adopted as a result of the First Federal Aviation
Agency Airworthiness Review and which became effective May 3, 1962, are
enciosed in black brackets.
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Airplane Airworthiness; Transport Categories

Subpart A—General

Applicability and Definitions

$b.0 Applicability of this part. This
part establishes standards with which compli-
ance shall be demonstrated for the issmance of
and changes to type certificates for transport
category airplanes. This part, until superseded
or rescinded, shall apply to all transport cate-
gory airplanes for which applications for type
certification in the transport category are made
after the effective date of this part (November
9, 1945).

4b.1 Definitions. As used in this part
terms are defined as follows:

(a) Administration.

(1) Administrator. The Administrator
is the Admipistrator of the Federal Aviation
Agency.

(2) Applicant. An applicant is a person
or persons applying for approval of an airplane
or any part thereof.

(3) Approved. Approved, when used
alone or as medifying terms such as means,
devices, specifications, etc., shall mean approved
by the Administrator. (See sec. 4b.18.)

(b) General design.

(1) Standard atmosphere. The stand-
ard atmosphere is an atmosphere (see NACA
Technical Report 1235) defined as follows:

(i) The air is a dry, perfect gas,

(ii) The temperature at sealevelis 59°F.,

(iii) The pressure at sea level is 29.92
inches Hg,

(iv) The temperature gradient from sea
level to the altitude at which the temperature
equals —69.7° F. is —0.003566° F./ft. and
zero thereabove,

(v) The density po at sea level under the
above conditions is 0.002377 pounds see.?/ft.t,

[(2) Maximum ambient atmospheric
temperature. The maximum ambient atmos-
pheric temperature is the temperature selected
CaM 4b

849539 O—f2—32

by the applicant as the maximum operational
limit.]

(3) Airplane configuration. Airplane
configuration is a term referring to the position
of the various elemenis affecting the aerody-
namic characteristics of the airplane {e. g., wing
flaps, landing gear).

(4) Aerodynamic coefficients. Aero-
dynamic coefficients are nondimensional coef-
ficients for forces and moments. They cor-
respond with those adopted by the National
Aeronautics and Space Administration (for-
merly the National Advisory Commiitee for
Aeronantics).

(8) Critical engine(s). The eritical en-
gine is that engine(s) the failure of which gives
the most adverse effect on the airplane flight
characteristics relative io the case under con-
sideration.

(6} Critical-engine-failure speed. The
critical-engine-failure speed is the airplane
speed used in the determination of the fakeoff
at which the crifical engine is assnmed to fail.
(See sec. 4b.i14.)

{7} Continuous meximum icing. The
maYimum coniinnous intensity of atmospheric
icing conditions is defined by the variables of
the cloud liquid water content, the mean effec-
tive diameter of the cioud droplets, the ambient
air temperature, and the inter-relationship of

‘these three variables as shown in figure

4b-24a. The limiting icing envelope in terms
of altitnde and temperature is given in figure
4b-24b. The inter-relationship of cloud lignid
water content with drop diameter and altitnde
is determined from figures 4b—24a and 4b-24b.
The cloud liguid water content for continuous
maximuom icing conditions of 2 horizontal ex-
tent other than twenty miles is determined by
the value of liguid water content of figure
4b-24a multiplied by the appropriate factor
from figure 4b-24c. (See sec. 4b.640.)

1
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(8) Intermittent moximum icing. The
intermittent maximum intensity of atmospheric
icing conditions is defined by the variables of
the cloud liquid water content, the mean effec-
tive diameter of the cloud droplets, the ambient
air temperature, and the inter-relationship of
these three variabies as shown in fignre 4b-25a.
The limiting icing envelope in terms of aititude
_and temperature is given in figure 4b-25b.
The inter-relationship of cloud liquid water
content with drop diameter and altitude is
determined from figures 4b-25a and 4b-25b.
The cloud liquid water content for intermittent
maximum icing conditions of a horizontal ex-
tent other than three miles is determined by
the value of cloud liguid water content of
figure 4b-23a2 muitiplied by the appropriate
factor in figure 4b-25¢. (See sec. 4b.640.)

NOTE: There is some indication that the upper
altitude limit might extend to 30,000 feet pressure
sltitude, and the lower limit of ambient temperature
may be as low as —40° F. Because of this, the por-

tions in this region of figures 4b-25a and 4b-25b are
shown by dashed lines.

(¢) Weights.

(1) Maximum weight. The maximam
weight of the airplane is that maximum at which
compliance with the requirements of this part
is demonstrated. (See sec. 4b.101 (a).)

(2) Minimum weighi. The mirimum
weight of the airplane is that minimum at which
compliznce with the reguirements of this part
is demcnstrated. (See sec. 4b.101 {c).)

(3) Fmpty weight. The empty weight
of the airpiane is a readily reproducible weight
which is ased in the determination of the oper-
ating weights. {See sec. 4b.104.)

(4) Design maximum weight. The de-
sign maximnm weight is the maximum weight
of the airplane used in structural design for
flight load conditions. (See sec. 4b.210.)

(5) Design minimum weight. Thede-
gign minimom weight is the minimuom weight
of the airplane at which compliance is shown

with the structaral loading conditions. (See
sec. 4b.2190.)
(6) Design takeoff weight. The de-

sign takeoff weight is the maximam airplane
weight used in structural design for taxiing
conditions, and for landing conditions at a re-
duced velocity of descent. (See see. 4b.210.)
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(7) Design landing weight. The de-
sign landing weight is the maximum airplane
weight used in structurai design for landing
conditions at the maximum velocity of descent.
{See sec. 4b.230 (b).)

(8) Zero fuel weighi. The zero fuel
weight is the design maximum weight of the
airplane with no disposable fuel and oil.

(9) Design unit weight. The design
unit weight is a representative weight used to
show compliance with the structural design
requirements.

(i) Gasoline 6 pounds per TU. S. gallon.
(il) Lubricating oil 7.5 pounds per U. S.
gallon.
(iif) Crew and passengers 170 pounds
per persomn.
(d) Speeds.

(1) TAS: Indicated airspeed is equal {o
the pitot static airspeed indicator reading as
installed in the airplane without correction for
airspeed indicator system errors but including
the sea level standard adiabatic compressible
flow correction. {(This latter correction is in-
cluded in the calibration of the airspeed in-
stronment dials.) (See secs. 4b.612 (a) and
4h.710.)

(2) CAS: Calibrated airspeed is equal to
the airspeed indicator reading corrected for
pogition and instrument error. (As a result of
the sea level adiabatic compressible flow cor-
rection to the airspeed instrument dial, CAS is
equal to the true airspeed TAS in standard
atmosphere at sea level.)

{3) EAS: Equivalent airspeed is equal to
the airspeed indicator reading corrected for
position error, instrument error, and for adia-
batic compressibie flow for the particular alti-
tade. (EAS is equal to CAS at sea level in
standard atmosphere.)

(4) TAS: True airspeed of the airplane
relativeto undisturbed air. (TAS=EAS (po/p2.)

(5) V.: The design maneuvering speed.
(See sec. 4b.210 (b) (2).)

(6) Vz: The design speed for maximum
gust intensity. (See sec. 4b.210 (b) (3).)

(7) Ve: The design cruising speed. (See
sec. 4b.210 (b) (4).)
(8) V,r The design diving speed. (See

sec. 4b.210 (b) (5).)
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[(9 Voe/Mpr: The demonstrated flight
diving speed at which compliance is shown
with the applicable flight requirements. (See
secs. 4b.190 and 4b.191 {a).)]

[{10) V.: The design flat speeds for flight
loading conditions. (See sec. 4b.210 (b} (1).)]

(11} Vpp: The fiap extended speed is a
maximum speed with wing flaps in a prescribed
extended position. (See sec, 4b.714.)

(12) Vie: The landing gear extended
speed is the maximum speed at which the air-
plane can be flown safely with the landing gear
extended. (See sec. 4b.716.)

(13) Vi The landing gear operating
speed is a maximum speed at which the landing
gear can be raised or lowered safely. (See
sec. 4b.715.)

(14) Vye: The minimuom control speed
with the critical engine inoperative, (See sec.
4b.133.)

F(15) Vie/Mco: The maximum speed for
atability characteristics. (See sec. 4bh.191
5]

[(18) Vyo/Myo: The maximum oper-
ating limit speed. (See sec. 4b.711.)F

(17) Vs,: The stalling speed or the mini-
mum steady flight speed with wing flaps in
the landing position. (See secs. 4b.112 (a)
and 4b.160.)

(18) Vs,: The staliing speed or the mini-
mum steady fligcht speed obtained in a spec-
ified configaration. (See sec. 4b.112 (h).)

(19} ¥,: The critical-engine-failure speed.
(See sec. 4b.114.)

(20) V,: The takeoff safety speed.
sec. 4b.114 (b).)

{21) M: Mach number is the ratio of true
airapeed to the speed of sound.

(e) Structural.

(1) Limit load. A limit load is the max-
imum load anticipated in normal conditions of
operation. (See sec. 4b.200.)

(2) Ultimate load. An ultimate lead is
a limit load multipied by the appropriate factor
of safety. (See sec. £b.200.)

(3) Factor of safely. The factor of safe-
ty is a design factor used to provide for the
possibility of loads greater than those amtici-
pated in normal conditions of operation and
for umcertainties in design. (See sec. 4b.200

(a).)

(See
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{4) Load factor. The load factor is the
ratio of a specified load fo {he total weight of
the airplane; the specified load may be ex-
pressed in terms of any of the following: aero-
dynamic forces, inmertia forces, or ground or
water reactions.

(8) Limit load factor. The limit load
factor is the load factor corresponding with
limit loads.

(6) Ultimate load factor. The ultimate
load factor is the load factor corresponding
with nitimate loads.

(7 Checked pitching maneuver. A
checked pitching manenver is one in whick the
pitching control is suddenly displaced in one
direction and then suddenly moved in the op-
posite direction, the deflections and timing
being such as to avoid exceeding the limit
maneuvering load factor.

{8) Design wing area. The design wing
area is the area enclosed by the wing outline
(including wing flaps in the retracted position
and ailerons, but excluding fillets or fairings)
on a surface containing the wing chords. The
outline is assumed to be extended through the
nacelles and fuselage to the plane of symmetry
in any reasonable manner.

{9) Balancing tail load. A balancing
tail load is that load necessary to place the air-
plane in equilibrium with zero pitch accelera-
tion.

(10) Fitting. A fitting is a .part or ter-
minal used to join one structural member to
another. (See sec. 4b.307 (c).)

(f) Powerplant installation. '

1 For engine airworthiness requiremients see Part 13 of this sab-
chapter: for propeller airworthiness requiremnents see Purt 14 of this
subchapter.

(1) Brake horsepower. Brake horse-
power is the power delivered at the propeller

“shaft of the engine.

(2) Takeoff power or thrust.

(i) Takeoff power for reciprocating en-
gines is the brake horsepower developed under
standard sea level conditions and under the
maximum conditions of crankshaft rotational
speed and engine manifold pressure approved
for the normal takeoff, and limited in use to a
maximum continuous period as indicated in the
approved engine specification.
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(if) Takeoff power for turbine engines
is the brake horsepower developed under static
conditions at specified altitudes and atmos-
pheric temperatures and under the maximom
conditions of roter shaft rotational speed and
gas temperature approved for the normal take-
off, and limited in use to 3 maximum continous
period as indicated in the approved engine
specification.

(iii) Takeoff thrust for turbine engines
is the jet thrust developed under static condi-
tions at specified altitudes and atmospheric
temperatures and under the maximum condi-
tions of rotor shaft rotational speed and gas
temperature approved for the normal takeoff,
and limited in use to a maximum continuous
period as indicated in the approved engine
specification.

(3) Maximum continuous power or
thrust.

(i) Maximum continuous power for re-
ciprocating engines is the brake horsepower de-
veloped in standard atmosphere at a specified
altitude and under the maximum conditions of
crankshaft rotational speed and engine mani-
fold pressure, and approved for use during peri-
ods of nnrestricted duration.

(iiy Maximum continwous power for
turbine engines is the brake horsepower devel-
oped at specified altitndes, atmospheric tem-
peratures, and flight speeds and under the
maximum conditions of rotor shaft rotational
speed and gas temperature, and approved for
use during periods of unrestricted duration.

(iiiy Maximuom continuous thrust for
turbine engines is the jet thrust developed at
specified altitudes, atmospheric temperatures,
and flight speeds and onder the maximum con-
ditions of rotor shaft rotational speed and gas
temperature, and approved for use during peri-
ods of unrestricied duration.

(4) Gas temperature. Gas itempera-
ture for turbine engines is the temperature of
the gas stream obtaihed as indicated in the
approved engine specification.

(5) Manifold pressure. Manifold pres-
sare is the absolute pressure measured at the
appropriate point in the induction system, usu-
ally in inches of mercury.

(6) Critical altitude. The critical alti-
tade is the maximum altitude at which in

4
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standard atmosphere it is possible to maintain,
at a specified rotational speed, a specified
power or a specified manifold pressure. Unless
otherwise stated, the ctritical altitude is the
maximum aititude at which it is possible to
maintain, at the maximum continunous rota-
tiona] speed, one of the following:

(i The maximum continuous power, in
the case of engines for which this power rating
is the same atsea level and at the rated altitude,

(ii) The maximum continuous rated
manijold pressure, in the case of engines the
maximum contintous power of which is gov-
erned by a constant manifold pressure.

(7) Pitch setting. Pitch setting is the
propeller blade setting determined by the blade
angle measured in a manner, and at a2 radius,
specified in the instruction manual for the
propeller.

{8) Feathered pitch. Feathered pitch is
the pitch setting which in flight, with the
engines stopped, gives approximately the mini-
mum drag and corresponds with a windmilling
torque of approximately zero.

(9) Reverse pitch. Reverse pitch is the
propelier pitch setting for any blade angle used
beyond zero pitch (e. g., the negative angle
used for reverse thrust).

(g) Fire protection.

(1) Fireproof. Fireproof material means
a material which will withstand heat at least as
well as steel in dimensions appropriate for the
purpose for which it is to be used. When ap-
plied to material and parts used to confine fires
in designated fire zones, fireproof means that
the material or part will perform this function
under the most severe conditions of fire and
duration likely to occur in such zones.

(2) Fire-resistant. When applied to
sheet or stroctural members, fire-resistant
material means a material which will withstand
heat at least as well as aluminam alloy in
dimensions appropriate for the puarpose for
which it is to be used. When applied to fluid-
carrying [ines, other flammable fluid system
components, wiring, air ducts, fittings, and
powerplant controls, this term refers to a line
and fitting assembly, component, wiring or
duct, or controls, which will perform the in-
tended functions under the heat and other
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conditions likely to occur at the particular
location.

(3) Flame-resistant. Flame-resistant
material means material which will not support
combustion to the point of propagating, beyond
safe limits, a flame after the removal of the
ignition source.

(4) Flash-resistant. Flash-resistant
material means material which will not burn
violenily when ignited.

(5) Flammable. Flammable pertains to
those fluids or gases which will ignite readily
or expiode.

(h) Miscellaneous.

{1) Supplemental breathing equip-
ment. Supplemental breathing equipment is
equipment designed to supply the supplemen-
tary oxygen required to protect against anoxia
at altitudes where the partial pressure of oxygen
in ambient air is reduaced. (See sec. 4b.651.)

(2) Protective breathing equipment.
Protective breathing equipment is equipment
designed to prevent the breathing of moxious
gases which might be present as contaminants
in the air within the airplane in emergency
situations. (See sec. 4h.651.)

{Amendment 4b-12, published 27 F.R.
Mar. 30, 1962, effective May 3, 1962.)

2986,

Certification

4b.10 Eligibility for type certificates.
An airplane shall be eligible for type certifica-
tion under the provisions of this part if it com-
plies with the airworthiness provisions estab-
lished by this part or if the Administrator finds
that the provision or provisions not complied
with are compensated for by factors which
provide an equivalent level of safety: Provided,
That the Administrator finds no feature or
characteristic of the airplane which renders it
unsafe for the transport category.

4b.10-1 Approval of reverse thrust propellers
(FAA policies which apply to see. £b.10). A re-
verse thrust propeller is a design feature which
is not fully covered in the Civil Air Regulations.
When an sirplane incorporates a reverse thrust
propeller installation, it will be approved in
accordance with the policies set forth in section
4b.402-1, provided it has no feature or char-

(Rev. 2/1/63)
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acteristic which renders its use unsafe in trans-
port category airpianes.

(20 F. R. 2277, Apr. 8 1955, effective Apr. 30, 1935.)

4b.10-2  Approcal of automatic propeller feath-
ering installations (FAA policies which apply to
sec. 4b.10). An automatic propeller feathering
device is & design feature not spedifically covered
in the Civil Air Regulations. When an airplane
ineorporates an automatic feathering device, it
will be acceptable under the provisions of section
4b.10 as providing an equivalent level of safety
in showing compliance with sections 4b.115,
4b.116, 4b.120, and 4b.133 if it complies with
policies preseribed in sections 4b.115-2, 4b.116~
1, 4b.120-1, 4b.401-1, and 4b.700-1, and if
there are no features or characteristics which
make it unsafe for use on transport gircraft.

(19 F. R. 1817, Apr. 2, 1954, effective Apr. 2, 1954)

4b.10-3 Minimum quantity of antidelonant
Ruid required (FAA policies which apply to sec.
46.10). The use of antidetonant Huid in
limited quantities as a supplemental fluid for
takeoff power operations is a feature not
specifically covered in the Civil Air Regulations.
A system incorporating antidetonant fluid will
be acceptable under the provisions of section
4b.10 as providing a satisfactory level of safety
from the standpoint of the quantity of fluid
available if it complies with the policies con-
tained in sections 4b.420-1 and 4b.718-1.

{20 F. R. 2277, Apr. 8, 1955, effective Apr. 30, 1955.)

4b.11 Designation of applicable regula-
tions. The provisions of this section shall
appiy to all airplane types certificated under
this part irrespective of the date of application
for type certificate.

(a) Unless otherwise established by the
Board, the airplane shall comply with the pro-
visions of this part together with all amend-
ments thereto effective on the date of applica-
tion for type certificate, except that compliance
with later amendments may be elected or re-
quired pursuant to paragraphs (c), (d), (e}, [and
(f1] of this section.

{b) If the interval between the date of appli-
cation for type certificate and the issuance of
the corresponding type ceriificate exceeds five
years, a ew application for type certificate shall
be required, notwithstanding the applicant

5
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may have been issued a provisional type certifi-
cate, except that for applications pending
on May 1, 1954, such five-year period shail
commence on that date. At the option of the
applicant, a new application may he filed prior
to the expiration of the five-year period. In
either instance the applicable regulations shail
be those effective on the date of the new appli-
cation in accordance with paragraph (a) of this
section.

(¢) During the interval between filing the
application aud the issuance of a type certifi-
cate, the appiicant may elect to show compliance
with any amendment of this part which becomes
effective during that interval, in which case all
other amendments found by the Administrator
to be directly related shall be complied with.

{d) Except as otherwise provided by the
Administrator pursuant to section 1.24 of this
subchapter, a change to the type certificate
{see sec. 4b.13 (b)) may be accomplished, at
the option of the holder of the type certificate,
either in accordance with the reguiations incor-
porated by reference in the type certificate
pursuant to section 4b.13 (c), or in accordance
with subsequent amendments to such regula-
tions in effect on the date of application for
approval of the change, subject to the following
provisions:

(1) When the applicant elects to show com-
pliance with an amendment to the regutations
in effect on the date of application for approval
of a change, he shall show compliance with all
amendments which the Administrator finds are
directly related to the particular amendment
selected by the appiicant.

(2} When the change consistis of a new
design or a substantially complete redesign of
a component, equipment installation, or system
installation of the airplane, and the Adminis-
trator finds that the regulations incorporated
by reference in the type certificate pursuant to
section 4b.13 (c) do not provide compiete stand-
ards with respect to such change, he shall re-
quire compliance with such provisions of the
regulations in effect on the date of application
for approval of the change as he finds will pro-
vide a level of safety equal to that established
by the regulations incorporated by reference at
the time of issnance of the type certificate.
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NoTE: Examplies of new or redesigned components
and installations which might require comphiance with
regulations in effect on the date of appiicution ror ap-
proval, are: New powerplant installation which is likely
to introduce additional fire or operationat hazards unless
additional protective measures are incorporaied: the
installation of an autopilol, 2 pressurization system,
or a new electric power system.

(e) If changes listed in subparagraphs (1)
through (3) of this paragraph are made, the
airplape shall be considered as a new type, in
which case a new application for type certificate
shall be required and the regulations tvgether
with all amendments thereto cffective on the
date of the new application shall be made ap-
plicable in accordance with paragraphs a:, (b),
(e}, and (d) of this section.

(1) A chaage in the rumber of engines:

(2) A change to engines employing differ-
ent principles of propulsion;:

{3) A change in design. configuration,
power, or weight which the Administrator finds
is so extensive as to require a substantially
complete investigation of compliance with the
regulations.

L(f) Except as otherwise required by para-
graph (e} (3) of this section compliance with the
provisions of subparagraphs (1) and /2: of this
paragraph is required for the type certification
of a turbopropeller-powered uirplane which
was previously type certificated with the same
number of reciprocating engines:

[(1) The requirements of this part appiicable
to the airplane as type certificated with recipro-
cating engines and, in addition thereto or in
lieu thereof as appropriate, the provisions of
subdivisions (i) through (iv) of this subpara-
graph, effective on the date of application for
type certification of the turbopropeller-powered
airplane;

[} The certification performance require-
ments prescribed in paragraph (2; of Special
Civil Air Regulation No. SR-422B;

[di} The powerplant reguirements of this
part applicable 1o the turboprop airplane;

[(iii' The requirements of this part for the
standardization of cockpit controls and instru-
ments, except when a showing of compliance
with a particular detailed requirement would be
impractical and would not contribute materiaily
to standardization; and

tBev. 2/1/63)
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[{iv) Such other requirements of this part
applicable to the tarboprop airplane which are
found to be related to the changes in engines
and which are necessary to insure a level of
safety of the turboprop airplane equivalent to
that established for the airplane certificated
with reciprocating engines.

[(2) If new limitations are established with
respect to weight, speed, or altitude of opera-
tion, which are significantly altered from those
approved for the airplane with reciprocating
engines, compliance shall be shown with all of
the requirements of this part, applicable to the
specific limitations being changed, which are in
effect on the date of application for type certi-
fication of the turbhopropeiler-powered air-
plane.] )

{Amendment 4b-12, published 27 F.R. 2986, Mar. 30,
1962, effective May 3, 1962; [Amendment 4b-13,
published 27 F.R. 12925, Dec. 29,
Dec. 20, 1962.])

4b.12
tions.

Recording of applicable regula-
The Administraior. upon the issuance

{Rev. 2/1/63)
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of a type certificate. shall record the applicable
regulations with which compliance was demon-
strated. Thereafter, the Administrator shail
record the applicable regulations for each
change in the type certificate which is accom-
nlished in accordance with regulations other
than those recorded at the time of issuance of
the type certificate. (See sec. 4b.11.)

4b.13 Type certificate.

{a) An applicant shall be issued a type cer-
tificate when he demonstrates the eligibility of
the airplane by complying with the require-
ments of this parf in addition to the applicable
requirements in Part 1 of this subchapter.

{b) The type certificate shali be deemed toin-
clude the type design (see sec. 4b.14 (b)), the
operating limitations for the airplane (see sec.
4b.700), and any other conditions or limitations
prescribed by the regulations in this subchapter.

{c) The applicable provisions of this part re-
corded by the Administrator in accordance with
section 4b.12 shall be considered as incorporated
in the type certificate as though set forth in foll.

6-1
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4b.14 Date required.

{a) The applicant for a type certificate shall
submit to the Administrator such descriptive
data, test reports, and computations as are
necessary to demonstrate that the airplane
complies with the requirements of this part.

{b) The descriptive data required in para-
graph (a) of this section shall be known as the
type design and shall consist of such drawings
and specifications as are necessary to disclose
the comfiguration of the airplane and all the
design features covered in the reqoirements of
this part, such information on dimensions,
materials, and processes as is necessary to
define the siructural strength of the airplane,
and such other data as are necessary to permit
by comparison the determination of the air-
worthiness of subsequent airplanes of the same
type.

4b.15 Inspections and tesis. Inspections
and tests shall include all those found necessary
by the Administrator to insure that the airplane
complies with the applicable airworthiness
requirements and conforms to the foliowing:

(2) All materials and products are in accord-
ance with the specifications in the type design.

(b} AIl paris of the airplane are construcied
in accordance with the drawings in the type
design.

(¢} All manufacturing processes, construec-
tion, and assembly are as specified in the type
design.

4b.16 Flight tests. Afier proof of compli-
ance with the stractural requirements contained
in this part, and upon completion of all neces-
sary inspections and testing on the ground, and
proof of the conformity of the airplane with the
type design, and upen receipt from the applicant
of a report of flight tests performed by him,
the following shall be conducted:

(a) Such official flight tests as the Adminis-
trator finds necessary to determine compliance
with the requirements of this part.

{b) After the conclusion of flight tests speci-
fied in paragraph (a) of this section, such addi-
tional flight tests as the Administrator finds
necessary to ascertain whether there is reason-
able assarance that the airplane, its compe-
nents, and equipment are relizble and function
properly. The extent of such additional flight
tests shall depend upon the complexity of the

AIRPLANE AIRWORTHINESS, TRANSPORT CATEGORIES

b, 16~z

airplane, the number and nature of new design
features, and the record of previous tests and
experience for the particular airpiane type, its
components, and equipment. If practicable,
these flight tests shalil be conducted on the same
airplane used in the flight tests specified in
paragraph {a) of this section.

4b.16-1 Applicant’s flight test report (FAA
policies which apply to sec. 4b.16). The appli-
cant should submit a report signed by his test
pilot containing the results of flight tests which
were conducted by him. It should certify that
the airplane has been flown at least in all maneu-
vers necessary for proof of compliance with the
flight requirements and it is his belief that the
airplane will conform therewith. In the case of
very large airplanes, this procedure mav be
modified as deemed necessary by the Adminis-
trator.

(19 F. R. 4446, July 20, 1954, effective Sept. 1, 1954.)

4b.16-2 Freflight test planning (F.AA policies
which apply to sec. 4b.16 (a)).

(a) Proposed official flight test program. DBe-
fore the airplane is presented for official type
certification tests, the applicant should submit
to the FAA a proposed flight test program
which will indicate at least the following:

{1) The area, defined by the several selec-
tions described in section 4b.100-2, which 1s to
be covered by the terms of the type certification.

(2} All proposed tests; the order in which
thev are to be conducted; the purpose of each
test; and for each the airplane weight, ¢. g.
position, flap setting, power to be drawn, and,
where appropriate,  the altitude, the trim
speed(s) and the speed(s) or speed range to be
investigated. Appendix B presents a list of
most of the flight and operation tests generally
required for the type certification program
together with information relative to the air-
plane confizuration, test procedure, and special
instrumentation for each test.

(3) Since most transport airplanes undergo
manv changes during their life span it is well to
consider this fact in setting up a flight test
program. Such changes as installation of
different propellers, higher powered engines.
etc., can often be predicted in advance.

(4) It is often desirable to simulate opera-
tion with higher power for the determination of

7
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fiving qualities and other tests, thus simplifying
the problem of approving the airplane when the
power change hecomes effeciive. Data of this
nature obtained during FAA flight tests may
often reduce further testing during the life of
the airplane.

(5) When an airplane has been type
certificated in the transport category and a
change is made affecting performance and/or
Alying qualities, the following procedure is
suggested :

(i) The effect of the change on each of
the flight tests in the general flight program
should be noted.

(i1} Those tests which are materially
influenced by the change should be listed.

(i1i) A test program should be prepared
embodying such of these tests as sre felt to be
critical or representative. This program should
be forwarded to the FAA with the reasons for
selecting the pertinent items. Appendix C
shows representative flight programs for various
types of changes and may be helpful in the
preparation of the programs.

(iv) A description should be submitted
of the method(s) which the applicant purposes
to use in order to reduce the observed data to
standard conditions.

{(v) A statement should be submitted of
any intention on the part of the applicant to
resort to calculation in lieu of, or for the purpose
of generalizing test data, together with a
description of the data upon which these cal-
culations are to be based and the methods to
be used therein.

(6) Since it will require time for the FAA
to determine the adequacy of this entire pro-
grem, it is strongly recommended that it be
submitted as early as practicable, otherwise the
commencement of the testing may be delaved.

{(b) Order of testing. The Civil Air Regula-
tions are so worded that the results of some
flight tests have & definite bearing on the con-
duct of other tests. For this reason careful
attention should be given to the order of test-
ing. The exact order of testing will be deter-
mined only by considering the particular - air-
plane and test program involved. Appendix E
shows a general arrangement that may be of
assistance to those applicants who are not
familiar with the FAA flight test procedures.
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Tests which are particularly important in the
early stages of the program are:

(1) Airspeed calibration. All tests involving
airspeed depend upon the calibration.

(2) Stall speed measurement. Most of the
performance tests and flying qualities are
related to the stall speed.

(3) Mintmum control speed for takeoff. The
takeoff safety speed depends upon this item.

{4) Engine cooling. All en route climb
speeds and cowl flap settings are related to thia
test.

(¢} Test groupings.

(1) Weight and c. g. In addition to the
regulatory relation of one test to another,
efficient testing requires that consideration be
given to the accomplishment of as many tests
on a single flicht as can be accommodated
successfully. The tests shown in Appendix E
have been grouped under various weight and
center of gravity conditions in order to facilitate
the development of a flight test program.

(2) Special instrumentation. Similarly, con-
sideration should be given to grouping of tests
that involve special instrumentation. Examples
of these are takeoff and landing tests which
usually require ground equipment to record
horizontal distance, height, and time. Ground
calibration of the sairspeed indicating system
can be accomplished at the same time. The
FAA possesses certain instruments which may
be used for obtaining test data, such as trailing
airspeed bombs, sensitive altimeters, stop
watches, carbon monoxide indicators, ete., as
well as photographic equipment for measuring
takeoff and flicht landing paths. It is therefore
recommended that the matter of instrumenta-
tion be discussed with the FAA before any
decision is made with regard to the detailed
flight test program. A list containing those
tests requiring special instrumentation is shown
in Appendix F.

(3) Date reduction. 1f the overall elapsed
time for the certification program is to be kept
to & minimum, tests requiring considerable data
reduction should be conducted as early in the
program as possible. Most performance data,
particularly landing and takeoff dats, fall in
this category.

(19 F. R. 4446, July 20, 1954, effective Sept. 1, 1954.)
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4b.16-3 Additional flight tests (FAA policies
which apply to sec. £6.16 (b)).
{a) General.

(1) At the option of the applicant, the
flight tests specified in Civil Aeronautics Manual
1.77—4 for the ferry flight of a four-engine air-
plane with one engine inoperative may be con-
ducted during the flight tests for type certifica-
tion. Routine CAR tests as prescribed in sec-
tions 4b.100 through 4b.743 will be conducted
(in accordance with existing procedures) to
determine performance, flying qualities, power
plant characteristics, ete.

(2) The official functional and reliability
tests will be that portion of the tests conducted
under the immediate supervision of the Type
Certification Board,® as prescribed in para-
graphs (¢) through (h} of this section, to show
compliance with sections 4b.100 through 4b.743.

(3) Supplementary experience consisting of
other flight tests and experience with an airplane
(of the same) type will be taken into considera-

tion in establishing the extent of the official

portions of the tests. This supplementary ex-
perience may be obtained by the manufacturer,
military services, airlines, etc.

(4) Stmuliated tests consisting of tests on the
ground or in an airplane of (like) components
and equipment under conditions simulating
those likely to be obtained in service will also
be taken into consideration in establishing the
extent of the official portion of the tests.

(b) Functional and reiiability tests. In order
to satisfactorily accomplish the objectives of
section 4b.16 (b) concerning additional flight
tests and the extent thereof, the Administrator
deems it necessary that:

(1) A comprehensive and systematic check
be made in flight of the operation of all com-
ponents to determine whether they “function
properly,” i. e., perform their intended function
without introducing safety hazards.

(2) Sufficient testing and supplementary
experience under actual, or a combination of
simulated and actual experience, be obtained
and evaluated to give reasonable assurance that
the sirplane is ‘reliable,” i. e., should continue
to function properly in service. (In order to

! A Type Certificationt Board is set up by the FAA fleld offices on
wach new t¥pe aircraft project,

AIRPLANE AIRWORTHINESS; TRANSPORT CATEGORIES

4b.16-3

obtain wider experience, manufacturers are
encouraged to cooperate with airlines or other
responsible operators in operating experimental
airplanes of the same type under service condi-
tions.)

(3) Appropriate corrective action be taken
when the need therefor is determined under
subparagraphs (1} and (2) of this paragraph.
(The FAA is concerned only to the extent that
the airplane can be operated safely under suita-
ble inspection and maintenance procedures, but
is not concerned with maintensnce costs.)

(c) Test program. The Type Certification
Board for each project will decide upon =
proposed officiel test program at the time of the
preflight meeting of the Board (prior to the
routine CAR flight tests) and coordinate this
with the airplane manufscturer. At the con-
clusion of the routine type tests, the T. C.
Board will meet again to review the experience
gained in those tegts, changes made in the design
and any additional supplementary experience,
and to revise the proposed test program
accordingly.

(d} Planning and execution of test program.
The following points should be considered:

(1) The test program should be sufficiently
well planned to enable its execution in an
efficient manner without overlooking important
items. It is not intended that the “paper
work” be overemphasized to the detriment of
the practical resvits, and it should be reduced
to & minimum for small simple airplanes. The
T. C. Board will review the design features and
equipment with respect to the geperal objec-
tives, and prepare a list showing:

(i) Components and systems to be
checked in subparagraph (4) of this section.

(i1} A brief description of the operations
to be performed, where these are not obvious
{referencing any necessary operating instruc-
tions),

(iii) Special checks or Lkely critical
conditions,

(iv) Estimated flight time required.

(2} Allowsnce may be made for the fune-
tional tests already required by the routine
type tests. Allowance may also be made for
simulated testing of new features and equip-
ment; however, the flight test program should
be planned to determine the adequacy of the

9
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simulated tests (e.g., to determine whether the
actual environmental conditions of tempera-
ture,? vibration, ete., are covered by the simu-
lated tests) when these may be critical, and to
determine whether the instellation &nd con-
nected systems are satisfactory. The T. C.
Board will then make a consolidated estimate of
the total flight time required, allowing for over-
lapping, and adjust this in accordance with the
-“Test time” outlined in paragraph (e) of this
section.

(3) The program will be arranged to permit
the Flight Test Inspector in charge to become
tharoughly familiar with the flying qualities of
the airpiane, particularly those not specifically
covered in the routine type tests.

{4) All components of the sirplane should
be intensively operated and studied under all
operating conditions expected in service and
obtainable within the time and geographic
limitations of the tests. Intensive operation
means repeated operation of components in
various sequences and combinations likely to
occur in service. Particular attention should be
given to potential sources of crew error, over-
taxing of crew ability and the emergency pro-
cedures that would be required in the event of
malfunction of any component. This intensive
type of testing should be conducted in all cases,
but the length of time for which it is continued
will depend upon the simulated and supple-
mentary experience available for the particular
type, as outlined in “Test time” in paragraph
{e) of this section.

{5) Ground inspections should be made at
appropriate intervals during the test program
to determine whether there are any failures or
incipient failures in any of the components
which might be a2 hazard to safe flight.

(6) When design changes are made during
the course of the test, or when the official test
airplane differs from those on which supple-
mentary experience is obtained, or from modi-
fied versions of the same basic airplane type,
the revised or modified items should be re-
checked in accordance with the above procedure,
but every effort should be made to include such

1 This does not imply that flight tests mnst be conducted under the
most savers outzide air seioperatures Hicely $0 be enconntered in service.
It should normaily be possible to determine the effects of extreme ant-
side temperatures on local temperstures by extrapolation or by suitable
correction factors.

10
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items in the program in such & way as to avoid
unduly extending the overall test time. To this
end, the Administrator may accept, in lieu of
additional flight tests:

(1) Special tests of the original and
revised components in which the conditions
causing failure are intensified and

(i) Simulated tests of differing com-
ponents.

(e} Test tzme, It is highly desirable that
functioning and reliability test programs be
administered uniformly so that the program
and flight time for a given project would be
approximately the same regardless of which
T. C. Board administered the project. This is
difficult to achieve without establishing fixed
arbitrary test times which would cbviousiy be
contrary to the intent of section 4b.16 (b). The
following procedure which permits considerable
flexibility is, therefore, established for the
guidance of T. C. Boards.

{1) When supplementary experience is not
taken into account and the airplane is con-
ventional in regard to complexity and design
features, the functioning and reliability test
programs should be 150 hours. This time mey
be reduced to allow for simulated testing (see
paragraph (d) (2) of this section), and for
supplementary experience (see subparagraph
(2} of this paragraph). However it may be
necessary to increase the 150 hours, if difficulties
are encountered in earlier flights, or for radi-
cally new design features or in extreme cases
of complexity. An example of extreme com-
plexity would be an airplane intended for
operation at 40,000 ft. altitude, with automatic
dive recovery flaps, turbos, variable jet exhaust,
two-speed cooling fans, retractable wind screens,
automatic control of engine cooling, turbos,
intercoolers, jet exhausts, etc. The test program
for such an airplane might require as much as
300 hours if no supplementary experience were
available.

(2) When satisfactory supplementary ex-
perience is available and taken into account, the
following allowances should be used as a guide
and applied with judgment in reducing the
official flight test time. However, in any case,
the official program should provide sufficient
time to sccomplish the objective of paragraph
{b) (1) of this section in accordance with the
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items listed in paragraph (d) (3) and (4} of
this section.

(i) For inlensive experience. When the
allowance is based on the total time of any one
airplane in airline crew training and similar
intensive operations, two hours of such opera-
tion may be considered equivalent to one hour
of official testing.

(1) For miscellaneous experience. When
the allowance is based on the total time of any
one airplane, five hours of such experience mey
be considered equivalent to one hour of officiel
testing.

(iii) Reduction for supplementary experi-
ence. Whenever a reduction of official test
time is desired on the basis of supplementary
experience, such experience should be ade-
quately recorded and submitted to the T. C.
Board ss described in paragraph (f) of this
section.

(f) Reports and records.

(1) A log should be kept of all flight tests,
and accurate and compleie records kept of the
inspections made and of all defects, difficulties,
and unusual characteristics and sources of crew
error discovered during the tests, and of the
recommendstions made sand aciion taken.
Items for which design changes may be required
will be reported to the manufacturer and the
appropriate FAA engineering division.

(2) If supplementary experience is to be
taken into account, similar records of such ex-
perience should be kept and submitted to the
T. C. Board, together with a list of the differ-
ences between the airplane on which the ex-
perience was obtained and the official test
airplane. When supplementary experience is
obtained on a large fleet of airplanes (for ex-
ample, military operations) of the same or a
comparable type (see paragraph (d) (6) of this
section), these records may consist of statistical
summaries in lieu of complete records for each
individual airplane.

(3) At the conclusion of the official tests,
& summary report should be prepared by the
T. C. Board and forwarded to Washington for
inclusion in the Type Inspection Report.

(8) Administration. The FAA Flight Test
Inspector in charge will act as coordinator of all
flight sctivities of the T. C. Board during the
official program and the agent or an alternate
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designated by him will participate in all flights.
He will collaborate with the manufacturers’
pilots in all these activities, particularly in
regard to flight plans and procedures. The
manufacturers’ pilots should be in command of
all flights, but FAA pilots will fiy the airplane
at least sufficiently to accomplish paragraph
(d) (3) of this section.

(1) Other FAA personnel (e. g., represent-
atives of other divisions and specialists) will
participate in the flight tests when deemed
necessary by the T. C. Board to accomplish the
purposes of the tests.

(2) When supplementary experience is ob-
tained in airhne operations, an FAA Flight—
Standards Service Inspector will be assigned
to follow the operations, review the operator’s
records, and supplement these by reports to
the T. C. Board.

(b) Test airplane. To facilitate completion
of the type certification procedure one airplane
may be used for the official functioning and
reliability tests while another sirplane (or air-
planes) is used for the routine type tests. In
this ease the test time on &t least one sirplane
should be sufficient to accomplish the objective
of paragraph (b) (2) of this section.

(i) Modified types. The procedure outlined
in (h) applies to new type designs. When a
design employs components identical to those
used in previous designs, credit may be given
for the supplementary experience available for
such components. When a design is modified
(for example, several versions of the same basic
type with different engines, propellers, ete.), the
modified features and components sbould be
treated in accordance with paragraph (d) (6)
of this section.

(-19 F. R. 4447, July 20, 1954, effective Sept. 1, 1954,
amended 20 F. R. 6677, Sept. 10, 1955, effective Sept.
30, 1955.)

4b.16~-4 Flight tlests (FAA policies which
apply to sec. £b.16). The policies outlined in
section 4b.402-1 (¢} and section 4b.402-1 (1)
(3) will apply.

(20 F. R. 2279, Apr. 8, 1955, efective Apr. 30, 1955.)

4b.17 Airworthiness, experimental, and
production certificates. (For requirements
with regard to these certificates see Part 1
of this subchapter.)

11
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4b.18 Approval of materials, parts,
processes, and appliances.
(a) Materials, parts, processes, and ap-

pliances shall be approved upon a basis and in
a manner found necessary by the Adminis-
trator to implement the periinent provisions
of the regulations in this subchapter. The
Administrator may adopt and publish such
specifications as he finds necessary to ad-
- minister this regulation, and shall incorporate
therein such portions of the aviation industry,
Federal, and military specifications respecting
such materials, parts, processes, and appliances
as he finds appropriate.

NoTE: The provisions of this paragraph are intended
to aliow approval of materials, parts, processes, and
appliances under the system of Technical Standard
Orders, or in conjunction with type certification proce-
dures for an airplane, or by any other form of approval
by the Administrator.

(b} Any material, part, process, or ap-
pliance shall be deemed to have met the
reguirements for approval when it meets the
pertinent specifications adopted by the Ad-
minisirator, and the manufacturer so certifies
in a manner prescribed by the Administrator.

4b.18-1 Approval of aircraft materials, parts,
processes, and appliances (FAA rules which apply
to sec. 46.18). Adircraft materials, parts, proc-
esses and appliances made the subject of Tech-
nical Standerd Orders shall be approved upon
the basis and in the manner prescribed in Part
514 * of the Regulations of the Administrator,
“Technical Standard Orders—C Series—Air-
craft Components.”’

(17 F. R. 10101, Nov. 7, 1952, efective Dec. 1, 1052.)

4b.18-2 Application of Technical Standard
Orders—(C Sertes (FAA policies which apply to
see. £b.18).

(a) Purpose of Technical Standerd Orders.
Technical Standard Orders are & means by

which the Administrator adopts and publishes

the specifications for which authority is pro-
vided in section 4b.18 (a) of this chapter.
(b) Applicability of Technical Standard Order
Requirements.
(1) The applicability of and effective dates
for TSO'd items are set forth in each TSO.

# Part 51¢ and eoples of individual TSO0's are available upon applica-
ton to the Publishing and Graphics Branch, Atin: M5-158 Federal
Avistion Agency, Washington 25, D.C.
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{2) Each Technical Standard Order sets
forth the conditions under which materials,
parts, processes and appliances approved by
the Administrator prior to establisbment of an
applicable TSO, may continue to be used in
aircraft.

(3) The establishment of a Technical
Standard Order for any product does not
preclude the possibility of establishing the
acceptability of a similar produet as part of an
aircraft, engine or propeller, under the type
certification or modification procedures, if there
is established a level of safety equivalent to that
provided in the Civil Air Regulations as imple-
mented by the appropriate Technical Standard
Order and the produect is identified as a part of
the airplane, engine or propeller.

(¢) Administration of the Technical Standard
Order (TSO) System. The principles which
apply in administering the Technical Standard
Orders system are as follows:

(1) Technical Standard Orders will refer-
ence performance provisions of recognized
government specifications, or established in-
dustry specifications which have been found
acceptable by the FAA. TIf no satisfactory
specification exists, the Orders will inciude
criteria prepared by the Administrator. In
preparing criteria of this type, the Adminis-
trator will give consideration to recommenda-
tions made by the industry.

(2} Minimuym performance requirements
established by the Federal Aviation Agency
and published in Technical Standard Orders
will serve as a means by which msterials,
parts, processes, and appliances intended for
use in certificated sircraft will be accepted.

{8) TSO’s set forth the minimum require-
ments for safety. Every effort will be made by
the FAA to keep the requirements at the
minimum levels of safety, and TS0’s will not be
used to set forth “desirable” standards.

(4) It will be the responsibility of the
person submitting & statement of conformance
to the FAA, certifying that bis product meets
the requirements of the TSO, to conduct the
necessary tests demonstrating compliance there-
with. This person will be held responsible for
meintaining quality control adequate to assure
that products which he guarantees to meet the
requirements of a TSO do, in fact, meet these
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standards. The FAA will not formally approve
such products as meeting the requirements of
TSO’s nor exercise direct inspection control
over them. The statement of conformance
with the provisions of a Technical Standard
Order normally will be accepted by the FAA as
sufficient indication that the applieable require-
ments have been fulfilled. Any TSO’d item
which is modified must continue to comply
with the requirements of the TSO, and the
person authorizing the modification will be
responsible for such compliance.

(d) Numbering of Technicel Standard Orders.
Each Technical Standard Order will be assigned
& designation consisting of the letters “TSO,”
a series code letter ‘“C”, indicating aireraft
materials, parts, processes, or appliances and a
serizl number to be sssigned in sequence for
each of the TSO's issued in the “C” series, e. g.,
TSO-C-1, “Smoke Detectors.” Revisions are
indicated by the addition of letters a, b, ¢, ete.,
after the number.

(17 F. R. 10101, Nov. 7, 1952, effective Dec. 1, 1952.)

4b.18-3 Manufacturer (FAA interpretation
which applies to sec. £5.18 (b)).

(a) For the purpose of accepting a statement
of conformance for & Technical Standard Order
product, the word “manufacturer” is inter-
preted to mean a person who fabricates, or
both fabricates and assembles, a product by
cutting, drilling, bolting, riveting, gluing,
soldering, sewing, or other fabrication and
assembly techniques.

(b) A person is not regarded as the manu-
facturer solely by his engaging in the following
activities:

(1) Distributing a completed product fabri-
cated or fabricated and assembled by another
person.

(2) Cleaning and reassembling products,
repairing products, or replacing components or
parts in produects.

(23 F. R. 10325, Dec. 25, 1958, effective Jan. 31
1959.)

4b.18~¢ Approval of products under the type
certificate or modification procedures (FAA
policies which apply to sec. 15.18(b)). A ma-
terial part, process, or appliance (hereinaiter
celled “product’”) may be approved as s part
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of the airplane type design under a type cer-
tificate or a supplemental type certificate in
accordance with the procedures provided in
this section.

Exepravarory Note: Products previously approved
by the CAA by means of letters of approval, Repair
and Alteration Form ACA-337, or listing on CAA
Product and Process Specifications will continue to be
eligible for installation in aireraft unless the eligibility
is restricted by applicable regulations or airworthiness
directives issued under section 1.24 of this subchapter.

(a) Policies controlling where there is an ap-
plicable Technical Standard Order. If s Tech-
nical Standard Order covering the product is
in effect, the applicant for approval should
submit type design data showing that the
product meets the performance standards of
the Technical Standard Order. Deviations
from such performance standards may be
allowed to the extent that the applicant for the
type certificate or the supplemental type certi-
ficate substantiates that certain provisions of
the Technical Standard Order are not required
for the product as installed in the sirplane.

(b) Policies controlling in the absence of an
applicable Technical Standard Order. Where no
TS8O covering the product exists, the applicant
for approval should submit type design data
showing compliance with all the requirements
of this part which are applicable to the product.

Any deviation from standards prescribed in this

part may be allowed only in accordance with
section 4b.10.

(¢) Methods of identifying products approved
under this section.

(1) Products approved as a part of the air-
plane type design under a type certificate
should be identified by an airplane part num-
ber on the approved drawing list.

(2) Products approved as a part of the air-
plane type design under a supplemental type
certificate should be identified by a part or
drawing number on such certificate.

(3) Each TSO product that is approved
as a part of the airplane should have the TSO
identification removed and be identified as set
forth in subparagraph (1) or (2) of this para-
graph, whichever is applicable.

(23 F. R. 10325, Dec. 25, 1958, effective Jan. 31,
1959.)
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4b.19 Changes in type design. (For re-
quirements with regard to changes in type de-
gign aud the designation of applicable reguia-
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tions therefor, see sec. 4b.11 (d) and (e), and
Part 1 of this subchapter.)

Subpart B—Flight

General

4h.100 Proof of compliance.

(a) Compliance with the requirements pre-
scribed in this subpart shall be established by
flight or other tests conducted upon an airplape
of the type for which a certificate of airworthi-
ness is sought or by calculations based on such
tests, provided that the results obtained by
calculations are eqmivalent in accmracy to the
results of direct testing.

(b) Compliance with each requirement shall
be established at all appropriate combinations
of airplane weight and center of gravity position
within the range of loading conditions for which
certification is songht by systematic investiga.
tion of all these combinations, except where
compliance can be inferred reasonably from
those combinations which are investigated.

{c) The controliability, siability, trim, and
stalling characteristics of the airplane shall be
established at all altituades up to the maximum
anticipated operating altitude.

(d) The applicant shall provide a person hold-
ing an appropriate pilot certificate to make the
flight tests, but a designated representative of
the Administrator shall pilot the airplane when
it is found necessary for the determination of
compliance with the airworthiness require-
ments.

(e) Official type tests shall be discontinued
until corrective measures have been taken by
the applicant when either:

(1) The applicant’s test pilot is unable or
unwilling to conduct any of the required flight
tests, or

(2) It is found that requirements which
have not been met are so substantial as to ren-
der additional test data meaningless or are of
such a natuere as to make further testing andaly
hazardous.

{f) Adequate provision shall be made for
emergency egress and for the use of parachutes
by members of the crew during the flight tests.

(g) The applicant shall submit to the Ad-
ministrator’s representative a report covering
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all computations and tests required in connec-
tion with calibration of instruments used for
test purposes and correction of test resuolts to
standard atmospheric conditions. The Ad-
ministrator’s representative shall conduct any
flight tests which he finds necessary to check
the calibration and correction report.

(i7 F. R. 10101, Nov. 7, 1952, effective Dec. 1, 1952.)

4b.100-1 Procedure for demonstraling com-
pliance with the flight requirements (FAA
policies which apply io sec. 4b.100 (a)).

(8) Responsibility. The burden of showing
or implementing compliance with the require-
ments for an airworthiness or & type certificate
rests with the applicant. The applicant should
at his own expense and risk, conduct such
official flicht tests as determined by the FAA to
demonstrate compliance with the minimum
requirements. During the type inspection the
applicant should make available the airplane
for that purpose as well as all of the personnel
and equipment necessary to obtain the required
data.

{b) Tolerances permitted for flight tests.

(1) General. The tolerances in (b)- (2) of
this section are the allowable deviation from
specified flight conditions for a particular test.
They are not allowable tolerances on specific
requirements, nor are they to be considered as
allowable inaccuracy of measurement or of the
method of determination. As &n example,
when demonstrating stability with specified
trim speed of 1.4 Vs, the trim speed may be 1.4
Vs <3 m. p. h. or 3 percent; however, no posi-
tive tolerance is permitted when demonstrating
the minimum prescribed trim speed of 1.4 Vs,.

(i) Where variation in the parameter
on which a tolerance is allowed will have an
appreciable effect on the test, the result should
be corrected to the standard value of the
parameter; otherwise, no correction is necessary.
The applicant may adhere to closer tolerances
if he s0 desires.
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(i) The following list indicates the cases
in which correction for tolerances should be
made:

Test Weight|{ C. G.| Air [Power|Wind
speed
Airspeedcalibration. (.| _ L.l o —o__ .
Stall speeds________ G RO SO BN DU
All elimbs. .o ..o b G U N X ja-.
Landinga_ . _._.... X ... X Jocomea X
Takeoff _.___ . _.__ X fecaa X X X
Accelerate_______.. X ... X X X
Decelerate___ ... X .. X |oemees X
Stability and eon- |- |o e eal]eee
trol.
Minimum control || ]___-_ X ..
gpeed.
\

(2) Individual tolerances. The following
are general tolerances from specified values
permitted during FAA testing. These toler-
ances apply unless, for & particular test, other
telerances are set forth in the testing procedure.
These tolerances are plus or minus variations
unless otherwise noted in the particular test:

Item Tolerance
Weight +5%,—10%
Critical items af- —+5%,—19,
fected by weight
C. G 7% total travel
Airspeed 3 m. p. h. or +39%, which-
ever is greater
Power 5%
Wind (takeoff and As low as possible but not
landing tests) to exceed approximately

129 Vs or 12 m. p. h.,
whichever islower, slong
the runway—measured
at & height of 6 feet
above the runway sur-
face.

(¢) Type Inspection Report.

(1) All information and data obtained as
a result of the type inspection investigation and
tests should be reported in Form FA A 283-4b,
Type Inspection Report.

(2) Upon completion of the type inspec-
tion, the applicant should prepare the infor-
mation necessary to show compliance with the
requirements. This material together with the
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Airplane Flight Manual required by section
4b.740 should be completed as promptly as
possible and forwarded to the FAA.

(19 F. R. 4448, July 20, 1954, effective Sept. 1, 1954.)

4b.100-2 Selection of weight, altitudes, speeds
and wing flap positivns (FAA policies which
apply to sec. 4b.100 (b)). DBefore starting
official flight tests, certain data should be
obtained by the applicant in order that the
options prescribed in paragraphs (a) through
(e} of this section can be executed:

(8) The selection of the range of weight and
altitude to be covered by the flight testing required
for certification. This selection should be based
upon the extent to which the applicant for cer-
tification is concerned with the operating limi-
tations which will be imposed upon the airplane.
If the applicant is not concerned with this
point, he may elect to conduct only the flight
tests required to demonstrate compliance with
the minimum performance requirements con-
tained in section 4b.110 together with those
required to demonstrate compliance with the
flying qualities and other requirements specified
in sections 4b.130 through 4b.190. 1If it is
practicable to limit the operation of the air-
plane by a scheduled air carrier to sea levle air-
ports containing runways of ample length and
to terrain altitude not in excess of 4,000 feet,
this procedure appears satisfactory. It should
be noted that this case could apply to a sea-
plane in scheduled operation. Xf the applicant
wishes to provide for the greatest possible
flexibility in the matter of compliance with the
operating limitations contained in saction 40.70
of this subchapter, considerably more perform-
ance tests will be necessary. It may be entirely
practicable, for example, for operation over
routes involving appreciable differences in the
altitude of airports, to take advantage of the
improvement in performance which is possible
by means of reducing the weight at which the
airplane is operated. It may also be desirable
to alter the various flap settings in order to
improve the climbing performance at a given
weight. In cases such as these, it will be
necegsary to determine by flight testing and
calculation, the effect of weight, altitude, and
flap setting, throughout the range of each for
which it is desired to provide, upon the takeoff,
landing, and climbing performance and to in-
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clude this information in the FAA Approved
Airplane Flight Manual. This selection will
be left to the applicant since, even though he
may find it difficult to enticipate the uses to
which the airplane may subsequently be put, he
is nevertheless in better position to forecast this
than anyone else.
{b) The selection of the weight range fo be
covered by the terms of the certification. This
-selection is closely related to paragraph (a) of
this section and should be based upon essentially
the same considerations. The simplest possible
selection of weights is a single maximum weight
to be used both for takeoff and landing und as a
basis for the operating limitations. The next
simpiest choice would appear to be & maximum
takeoff weight and a maximum landing weight
differing from takeoff weight. This choice re-
quires the instaliation of fuel jettisoning equip-
ment {when the takeoff weight exceeds the
landing weight by more than 5 percent) of suffi-
cient capacity to reduce the weight of the air-
plane from the maximum takeoff weight to the
maximum landing weight in compliance with
section 4b.437. The operating limitations may
then be based upon the assuraption that these
two weights exist throughout each flight. The
most flexible possible arrangement in the matter
of weights is provided by selecting a range of
weights for takeoff and a range for landing, and
determining the performance as functions of
these weights so that, in showing compliance

AIRPLANE AIRWORTHINESS, TEANSPORT CATEGORIES
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with the operating limitations, anyv weight
within these ranges may be selected to fit the
requirements of a particular route. This selec-
tion should be left with the applicant.

(e) The selection of the range of altitude to be
covered by the terms of the certification. This
selection is also closely related to pa ragraph
(a) of this section and is analogous in its nature
to paragraph (a) of this section. The simplest
possible selection is that indicated by the
minirnum performance requirements contained
in section 4b.110, namely, sea level for the
purposes of the determination of the takeoff
and landing distances and certain of the rates
of climb at 5,000 feet for the purpose of deter-
mining the en route rates of climb. The selec-
tion providing the greatest possible flexibility is
the one in which these items of performance are
determined for 2 range of altitude great enough
to cover all anticipated routes over which the
airplane may be operated.

(d) The selection of the wing flap positions
desired for certification. Policies outlined in
section 4b.111-1 will apply to this selection.

(e} The selection of the critical speed* to be
used in the determination of the takeoff distance.
Policies outlined in section 4b.113-2 will appiy
to this selection,

(19 F. R. 4448, July 20, 1954, effective Sept. 1, 1954.)

¢ The practiesl effect of the selection of this speed is that it permits the
applicant to define in the type certificate the limits of airplame weight
and airport altitude within which the airplane may be operated by o
scheduled air carrier in ¢ornplianee with Part 40 of this subchapter,

Discussion of Policies Relating to Flying Qualities in Section 4b.100-3

The relation between flying qualities (controllability, stability, trim,
stalling characteristics) and safety involves the level of skill and the degree of

attention required on the part of the pilot to fiy the airplane.

It is theoretically

possible to design an airplane which cannot be flown by a single pilot because,
for example, he may not have enough strength, or alternatively a sufficiently
delicate touch, to operate the controls or there may be so many necessary

operations that he cannot perform all of them within the required time.

The

flight tests pertaining to flying qualities are specified in sections 4b.130 through
4b.133, sections 4b.140 through 4b.144, sections 4b.150 through 4b.158, sections

4b.1680 through 4b.162 and sections 4b.170 and 4b.171,

These requirements

cover the more important characteristics and loading conditions which have

been agreed to be critical or representative of flight regimes.

If the airplane

passes the tests no investigation of other loading conditions will ordinarily be

required.
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4b.100-3 Flying qualities
which apply to sec. 4b.100 {c)).

(a) It should be possible to operate the air-
plane safely at all anticipated altitudes without
requiring exceptional attention and skill by the
pilot or appropriate crew members.

(b} If there is less than 2 m. p. h. difference
in the forward and rearward c. g. stalling
speeds, all flying qualities may be based upon
the forward e. g. stalling speeds. Otherwise, the
stalling speed appropriate to the ¢. g. position
should be used.

(c} If there is reason to believe that any of
the flving qualities would be affected by alti-
tude, they should be investigated for the most
adverse altitude condition expected in normal
operation. '

(19 F. R. 2449, July 20, 1954, effective Sept. 1, 1954.)

4b.101 Weight limitations. The mazxi-
mum and minimum weights at which the air-
plane will be suitable for operation shall be
established as follows:

(a) Maximum weights shall not exceed any
of the following:

(1) The weight selected by the applicant;

{2) The design weight for which the
strocture has been proven;

(3) The maximum weight at which com-
pliance with all of the applicable flight require-
ments has been demonstrated.

(b) It shall be acceptable to establish maxi-
mum weights for each altitude and for each
practicably separable operating condition (e. g.,
takeoff, en route, landing).

{c) Minimum weights shall not be less than
any of the following:

(1) The minimum weight selected by the
applicant;

(2} The design minimnm weight for which
the structure has been proven:

(3) The minimum weight at which com-
pliance with all of the applicable flight require-
ments has been demonstrated.

4b.102 Center of gravity limitations.
Center of gravity limits shall be established
as the most forward position permissible and
the most aft position permissible for each
practicably separable operating condition in
accordance with section 4b.101 (b). Limits of

(FAA policies

848539 O—E62—3
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the center of gravity range shall not exceed
any of the following:

(a) The extremes selected by the applicant;

(b) The extremes for whick the strncture
kas been proven;

(c¢) The extremes at which compliance with
all of the applicable flight reguirements has
heer demonstrated.

4b.103 Additional limitations on weight
distribution. If a weight and center of grav-
ity combination is permissible only within cer-
tain load distribution limits (e. g., spanwise)
which could be exceeded inadvertenily, such
limits shall be established together with the
corresponding weight and center of gravity
combinations, and shall not exceed any of the
following:

(a) The limits selected by the applicant;

{b) The limits for which the structure has
been proven;

{¢) The limits for which compliance with all
the applicable flight requirements has beer
demonstrated.

4b.104 Emply weight.

(a) The empty weight and the corresponding
center of gravity position shall be determined
by weighing the airplane. This weight shall
exclude the weight of the crew and payload,
but shall include the weight of all fixed ballast,
unusable fuel supply (see sec. 4b.416), un-
drainable oil, and total quantity of hydrauiic
finid. :

{(b) The condition of the airplane at the time
of weighing shall he one which cap be easily
repeated and easily defined, particulariy as
regards the contents of the fuel and oil tanks,
and the items of equipment installed.

4b.105 Use of ballast. It shall be ac-
ceptahle to use removable ballast to enable the
airplane to comply with the flight requirements.
(See secs. 4b.738 and 4b.741 (¢).)

(19 F. R. 4449, July 20, 1954, effective Sept. 1, 1954.)

4b.105-1 Use of ballast during fight tests
(FAA policies which apply to sec. 4b.105).
Ballast should be carried during the flight tests
whenever it is necessary to simulate pay load.
Consideration should be given to the vertical
as well as horizontal location of the ballast in
cases where it may have an appreciable effect
on the performance or flying qualities of the
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sirplane. The strength of the supporting
structures should be adequate to preclude their
failure as & result of the flight loads that may
be imposed during the tests.

(19 F. R. 4149, July 20, 1954, effective Sept. 1, 1954.)
Performance

4b.110 General.

(a) With respect io all airplanes type cer-
tificated on or after February 12, 1951, the
performance prescribed in this subpart shall
be determined, and compliance shall be shown,
for standard atmospheric conditions and still
air, except that the performance as affected by
engine power, instead of being based on dry air,
shall he based on 80 percent relative humidity.

(b} Each set of performance data required
for a particular flight condiiion shall be deter-
mined with the powerplant accessories absorb-
ing the normal amount of power appropriate to
that flight condition. {See also sec. 4b.117.)

4b.110-1 Engine power corrections (FAA
policies which apply to see. 4b.110).

{a) Engine power corrections for vapor pres-
sure. The following standard vapor pressures,
specific humidities, and densities versus altitude
have been established for the purpose of cor-
Tecting airplane performance data in accordance
with section 4b.110.

E : Varom : SPECINC DeEwnarry
ALTITUDE | PRESSURE | HuMIDITY Ramio
H i e 1 w | g —p——
{FL) i (In Hpy | (Lh, moistyreper |  0.0023760
; | Bodman | {t
0 i 0.403 0. 00849 0. 99508
1,000 | .33¢ | .00773 | .96672
2000 |\ .311 | .gov03 | . 93895
3,000 | .272 | .00638 | .91178
4,000 | .238 , .00578 | .88514
5, 000 -207 ;00528 . 85910
6, 000 . 1805 .00472 | . 83361
7,000 | .1566 | .00425 | 80870
8,000 | 1356 | .00382 | .78434
9,000 i .1172 [ .00843 | .76053
l 10,000 | . 1010 . 00307 .73722 |
I 13, 000 . 0463 001710 | . 62868
20,000 | .01978 ; .000896 | .53263
25,000 ; .00778 } . 000436 | . 44806
(b) Engine power corrections for cylinder

head temperatures. Official flizht tests should
be discontinued whenever engine limitations
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are exceeded. This procedure sutomatically
meakes corrections of this type unnecessary.

(c) Engine power corrections for fuel flow.
Official flight tests should not be conducted
when the metering characteristics of the car-
buretor are outside the range of acceptable
tolerances. Thisprocedure automatically makes
corrections for fuel-air mixture ratio in per-
formance evaluation unnecessary.

(19 F. R. 1817, Apr. 2, 1954, effective Apr. 2, 1954;
amended 23 F. R, 7482, Sept. 26, 1958, effective
Oct. 20, 1958.)

4b.110-2 Engine power calibration (FAA
policies which apply to sec. 4b.110). The
performance of an airplane established in
accordance with the requirements of sections
4b.11¢ through 4b.125 and shown in the
performance section of the Airplane Flight
Manual should be reproducible by any airplane
of & similar model having engines that deliver
no more than 100 percent certificated rated
power. This means that the power used to
drive all accessories, other than those necessary
to the functioning of the engine, should be
deducted from the certificated rated or installed
engine power, whichever is less. To assist in
meeting these objeetives, the engine power o
all new type airplanes as defined by sectior
4b.11 (e) should be calibrated in accordanc-
with paragraphs {a) through (¢) of this section.

(a) Corrections fo the calibrated power for
engines producing . power above the certificated
ratings.

(1) The applicant should provide engine
power output data obtained from dynamometer
tests, or the equivalent thereof, for all engines
that are installed in the sirplane which will be
used in the power calibration flight tests. The
data should be sufficiently complete to allow
& direct comparison with the approved certifi-
cated ratings of the engines.

(2) Ii the dynamometer calibration data for
any engineselected for theinflight power calibra-
tion in accordance with the provisions of para-
graph (b) of this section indicate that the power
(based on standard atmospheric conditions for
the engine) is hicher than the certificated rating
for the engine model, the calibrated power curve
established as a result of flight tests in para-
grapbs (b} and (c) of this section should be
corrected by applving the following power re~
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duction: 100 percent of the power increment
between the dynamometer calibration and the
certificated engine rating at sea level, and 47
percent of the sea level power increment applied
at an altitude of 20,000 feet with s Iineal varia-
tion between these two points throughout the
operating altitude range of the airplane. If the
calibrated power curve established as a result of
the flight tests represents an average power for
more than one engine, it should be corrected by
applying a power reduction equivalent to the
average power difference between the dvnamom-
eter and the rated power for all engines used
in the flight calibration tests. The application
of other correction metheds and values that will
adjust the power data on the basis of the cer-
tificated rating of the engine throughout the
operating altitude range of the airplane are
acceptable if they can be substantiated.

(b) Selection of engines for power calibration
tn flight. With the exception of the critical
inoperative engine, the number of engines which
will be used as a basis for power calibration is
left to the option of the applicant. However,
the procedure specified in this paragraph should
be followed to determine which engine(s) should
be selected for establishing the basic calibrated
power curve.

{1) The installed power of all engines
should be compared in flight by means of cali-
brated torquemeters or other equivalent meth-
ods. If a calibrated power curve is to be estab-
lished on the basis that all engine driven acces-
sories will be in operation during flight, the
comparison should be made under full accessory
load conditions. If a separate calibrated power
curve is to be established for application to
those test configurations where certain acces-
sories will not be in operation, the power of all
engines may be compared when these scces-
sories are in the eppropriate idling or off posi-
tion. In this ease it will be necessary to provide
data, indicating accessory load requirements for
those flicht configurations and the particular
engine(s) from which the power is obtained.

{2) For two-engine aircraft it is only
necessary to calibrate the engine which pro-
duces the lesser power determined by comparing
the results of the torquemeter indications in
accordance with subparagraph (1) of this para-
graph for the most critical accessory load condi-
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tion and taking into consideration the appro-
priate power reduction when the engine dyna-
mometer test output is above the rated power
for the engine. All performance data scheduled
in the Airplane Flight Manuai should be based
on the calibrated power curve established for
this engine. If the applicant desires to calibrate
the power of both engines, only the all-engine-
operating performance data should be based
on a curve representing the average power for
the two engines.

(3) When the sapplicant desires to cali-
brate the power of one engine for aircraft having
more than two engines, the engine selected
should be that which delivers the lowest power,
determined by comparing the resuits similarly
as in the case of the two-engine aircraft in sub-
paragraph (2) of this paragraph. All perform-
ance dats scheduled in the Airplane Flight
Manusl should be based on the calibrated
power curve established for this engine. If the
applicant desires to calibrate the power of two
engines, the calibrated power curve should be
based on values representing an average of the
two engines delivering the lowest power.

(4) The procedure in subparagraph (3)
of this paragraph should be followed if the
applicant desires to calibrate the power of more
than two engines, however, the Airplane Flight
Manual performance data should be based
upon an average calibrated power curve which
has been derived from not more than the actual
number of engines in operation corresponding
to the test configuration for which performance
is established. This procedure is not necessary,
for example, in the case where the average power
curve for two and three engines is substantially
equal. However, the third engine may be
calibrated to obtain additional data which will
permit & more accurate fairing of the calibrated
power curve.

(5) If the results of the flight tests
indicate that the power of any engine selected
in saccordance with the provisions of this
paragraph exceeds rated power after the appli-
cation of the dyvnamometer correction specified
in paragraph (a) of this section, the calibrated
power curve for application to performance
testing shouid be based upon not more than
certificated rated power of the engine with the
power to drive the accessories deducted.
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(c) Flight test procedure for calibrating engine
power. The engine calibration flight tests
should be conducted in accordance with the
provisions specified in this paragraph.

(1) The critical altitudes of the engine
should be established for takeoff power and
meaximum continuous power providing these
critical altitudes lie below the highest operating
altitude desired for certification. Critical alti-
tudes need not be determined above the maxi-
mum operating altitude of the airplane.

(2) For engine installations specifically
designed to indicate power by means of torque-
meters, the engine power calibration tests
as well as all performance tests which are
affected by power should be obtained with
calibrated torquemeters.

(3} All engine adjustments such as igni-
tion timing, valve clearances, air-fuel ratios,
fuel flow rates, antidetonant injection flow
rates, ete., should be maintained within ap-
proved limits for the engine. If any permanent
changes are made to the engine or powerplant
installation during the tvpe certification tests,
and such changes result in an engine power
output less than that established in the cali-
brated power data, then all performance data
should be corrected to this lower power.

(4) The engine power calibration tesis
should be conducted in an atmosphere which is
free of any visible moisture.

(5) The engine power calibration tests
should be conducted in the configurations that
follow:

(i) Takeoff power.

Weight—maximum takeoff.

C. G. position—optional.

Wing flaps—takeoff position.

Landing gear—retracted.

Operating engine(s)—takeoff r. p. m.
and manifold pressure or full throt-
tle, mixture setting at normal posi-
tion for takeoff power, carburetor
air heat control at cold and cowl
flaps in takeoff position (see sec.
4b.118-1 (d) (1)).

Critical inoperative engine—throttle
closed on highest powered engine,
propeller windmilling in takeoff
pitch (may be feathered if auto-
matic feathering device is installed),
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mixture setting at idle cut-off and
cowl flaps in takeoff position (see
sec. 4b.118-1 ) (1)),

(i1} Mazimum co